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Edited by Maurice MontalAbstract Synaptic membrane fusion, which is necessary for
neurotransmitter release, may be mediated by SNAREs and reg-
ulated by synaptotagmin (Syt) and Ca2+. Fusion of liposomes
mediated by reconstituted SNAREs produces full fusion and
hemifusion, a membrane structure in which outer leaﬂets are
mixed but the inner leaﬂets remain intact. Here, using the lipo-
some fusion assay, it is shown that Syt promoted both hemifusion
and full fusion in a Ca2+-dependent manner. Syt Æ Ca2+ increased
hemifusion more than full fusion, modulating the ratio of hemifu-
sion to full fusion. Unlike the case of neuronal SNAREs, stimu-
lation of fusion by Syt Æ Ca2+ was not seen for other SNAREs
involved in traﬃcking in yeast, indicating that the Syt Æ Ca2+
stimulation was SNARE-speciﬁc. We constructed hybrid
SNAREs in which transmembrane domains were swapped be-
tween neuronal and yeast SNAREs. With these hybrid SNAREs,
we demonstrated that the interaction between the SNARE motifs
of neuronal proteins and Syt Æ Ca2+ was required for the stimula-
tion of fusion.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Communication between neurons relies on neurotransmitter
release at the synapse by way of membrane fusion [1–3]. The
inﬂux of Ca2+ into the neuron triggers membrane fusion of
the synaptic vesicles that store the neurotransmitters with the
plasma membrane [4]. Synaptic membrane fusion requires ves-
icle-associated v-SNARE VAMP2 and its partners on the plas-
ma membrane syntaxin and SNAP-25 (or t-SNAREs) [5–8].
The soluble domains of soluble N-ethylmaleimide-sensitive
factor attachment protein receptors (SNAREs) function asAbbreviations: SNARE, soluble N-ethylmaleimide-sensitive factor
attachment protein receptor; v-SNARE, vesicle-associated SNARE;
t-SNARE, target membrane SNARE; Syt, synaptotagmin; POPC,
1-palmitoyl-2-dioleoyl-sn-glycero-3-phosphatidylcholine; DOPS, 1,2-
dioleoyl-sn-glycero-3-phosphatidylserine; OG, n-octyl-D-glucopyrano-
side; NBD-PS, 1,2-dioleoyl-sn-glycero-3-phosphoserine-N-(7-nitro-
2-1,3-benzoxadiazol-4-yl); rhodamine-PE, 1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine-N-(lissamine rhodamine B sulfonyl)
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doi:10.1016/j.febslet.2006.03.035molecular Velcro: the coiled coil motifs from v- and t-SNAREs
associate with each other to form a parallel four-stranded helix
bundle [9,10], which brings the two membranes into close
proximity. The fusogenic capacity of the SNARE complex
has been demonstrated using an in vitro fusion assay employ-
ing reconstituted SNAREs [11]. It is thought that SNARE
complex formation provides the driving force for membrane
fusion [12], although a simple catalytic role of the complex
can not be ruled out [13,14].
SNARE assembly is followed by the mixing of the outer
leaﬂets while the integrity of the inner leaﬂets is maintained
[15–18]. This half fusion state called hemifusion is likely to
be a common intermediate shared by type I and type II viruses
[19–24]. Transition from hemifusion to a fusion pore estab-
lishes the connection between two aqueous contents. However,
under certain limiting conditions, such as low surface protein
density, hemifusion intermediates accumulate as a terminal fu-
sion product [25]. The biological implications of such terminal
hemifusion are yet to be understood. It is noteworthy though
that the ‘‘kiss-and-run’’ event in which the exocytosis is carried
out without the full fusion between the vesicle and the plasma
membrane is observed in the neuron [26–28].
Neuronal exocytosis is tightly regulated by Ca2+ [4]. A vesic-
ular membrane protein synaptotagmin (Syt), which has two
Ca2+ binding C2A and C2B domains (C2AB) [29–31], is be-
lieved to be a major Ca2+ sensor [32–35]. Recent studies indi-
cate that Syt Æ Ca2+ might stimulate SNARE-mediated
membrane fusion [8,36], promote the kiss-and-run events
in vivo [37], and regulate the fusion pore opening [38,39].
In this work, we investigated the eﬀects of soluble Syt
(C2AB) and Ca2+ on hemifusion using reconstituted fusion as-
say. We found that although C2AB Æ Ca2+ stimulates both in-
ner and outer leaﬂet mixings, it stimulates signiﬁcantly more
outer leaﬂet mixing than inner leaﬂet mixing, resulting in the
accumulation of hemifusion. Further, our results employing
the hybrid proteins derived from neuronal and yeast SNAREs
demonstrate that the interaction between the neuronal
SNARE motif and C2AB Æ Ca2+ is necessary for the stimula-
tion of fusion.2. Materials and methods
2.1. Plasmid construction
Neuronal SNAREs, VAMP2 (amino acids 1–116), syntaxinHT
(amino acids 168–288 of syntaxin 1 A) and SNAP-25 (amino acids
1–206) were all inserted into pGEX-KG (between EcoRI and HindIII
sites) as glutathione S-transferase (GST) fusion proteins. Four native
cysteines of SNAP-25 were replaced with alanines.blished by Elsevier B.V. All rights reserved.
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length Snc2p (amino acids 1–115) were inserted into pGEX-KG be-
tween EcoRI and HindIII sites, as GST fusion proteins. Sec9c (amino
acid 401–651 of sec9) was inserted into pET-24b(+) between NdeI and
XhoI sites as a His-tagged protein.
To obtain hybrid SNARE Syn-TMY (Fig. 1) that is made of syntax-
inHT cytoplasmic domain (CD) plus the linker region and the TMD of
Sso1p, an XhoI site was introduced between the linker region and the
TMD for syntaxinHT as well as for Sso1pHT. The XhoI site mutants
were digested by XhoI and HindIII (New England Biolabs) to generate
the TMD fragments and the remaining plasmid DNA that includes the
vector, the CD and the linker region. The fragments were puriﬁed from
agarose gel using QIAquick gel extraction kit (QIAGEN). The syntax-
inHT CD plus linker fragment and Sso1pHT TMD fragment were li-
gated by Quick DNA ligation kit (New England Biolabs) to make the
Syn-TMY hybrid mutant. The XhoI site was converted to its original
sequence by mutagenesis.
The other t- or v-SNARE hybrids – VAMP-TMY, Syn-LTMY, Snc-
TMN and Sso-LTMN (Fig. 1) – were generated using the same strategy
(Fig. 1C). The DNA sequences for all these SNARE hybrids were con-
ﬁrmed by DNA sequencing (Iowa State University DNA SequencingFig. 1. Hybrid SNAREs made from yeast proteins and neuronal proteins
synaptotagmin lacking the TMD; Snc-LTMN, the v-SNARE hybrid made fro
linker plus TMD; Sso-LTMN, the t-SNARE hybrid made from the yeast Ss
TMY, the v-SNARE hybrid made from the VAMP2 CD plus linker and
syntaxinHT CD plus linker and the yeast Sso TMD; VAMP-LTMY: the v-S
Syn-LTMY, the t-SNARE hybrid with the syntaxinHT CD and the Sso linker
and t-SNARE Sso1p and syntaxinHT in the linker and TMD region. The dia
arrangement of hybrid SNAREs.Facility). The plasmid for C2AB of synaptotagmin (amino acids
140–421) was kindly provided by Dr. Rizo (University of Texas South-
western Medical Center).
2.2. Protein expression and puriﬁcation
The details of protein expression and puriﬁcation were described
elsewhere [15,40]. Brieﬂy, recombinant proteins were expressed in
Escherichia coli Rosetta (DE3) pLysS (Novagen). The His-tagged pro-
tein Sec9c was puriﬁed by Ni-NTA agarose beads (Qiagen). After
binding and washing, the protein was eluted in elution buﬀer
(25 mM Hepes, 100 mM KCl with 250 mM imidazole, pH 8.0). GST
fusion proteins were puriﬁed by aﬃnity chromatography using gluta-
thione-agarose beads (Sigma). The proteins were cleaved by bovine
thrombin (CALBIOCHEM) in a cleavage buﬀer (50 mM Tris–HCl,
150 mM NaCl, pH 8.0). syntaxinHT, VAMP2, Snc2p, Sso1pHT and
all hybrid proteins contained 1% n-octyl-D-glucopyranoside (OG).
Puriﬁed proteins were examined with 15% SDS–PAGE, and the purity
was at least 90% for all proteins (Fig. 1A).
To purify C2AB, cell pellet was resuspended in 10 mL PBS buﬀer
(Phosphate-buﬀered saline, PH 7.4, with 0.5% (v/v) TritonX-100) with
the ﬁnal concentrations of 1 mM AEBSF, 1 mM EGTA, and 5 mM. (A) SDS–PAGE of recombinant SNARE proteins. C2AB, soluble
m the yeast Snc2p cytoplasmic domain (CD) and the neuronal VAMP2
o1pHT CD and the neuronal syntaxinHT linker plus TMD; VAMP-
the Snc2p TMD; Syn-TMY, the t-SNARE hybrid made from the
NARE hybrid with the VMAP2 CD and the Snc2p linker plus TMD;
plus TMD. (B) Sequence alignment of v-SNAREs Snc2p and VAMP2,
gram was generated by Clustal X (1.83). (C) Schematic diagram for the
2240 X. Lu et al. / FEBS Letters 580 (2006) 2238–2246DTT. The cell was broken by sonication on the ice bath and centri-
fuged at 13000 · g for 20 min at 4 C. The supernatant was mixed with
5 ml glutathione-agrose beads (50%) in PBS buﬀer and nutated in cold
room for 2 h. After nutation, the beads were washed with a high salt
buﬀer (50 mM Hepes, 1 M NaCl, PH 7.4) ﬁve times. In the high salt
buﬀer 1 mM MgCl2, DNase (20 lg/ml) and RNase (4 lg/ml) were
added and incubated for 6 h at 4 C [41,42]. After washing by high salt
buﬀer twice and low salt buﬀer (50 mM Hepes, 0.1 M NaCl, PH 7.4)
ﬁve times, the protein was cleaved from GST beads by thrombin in
low salt buﬀer.
2.3. Membrane reconstitution
The procedure was described elsewhere [18]. Brieﬂy, syntaxinHT,
Syn-TMY and Syn-LTMY were incubated with SNAP-25 for 1 h under
room temperature to allow for the formation of target membrane
SNARE (t-SNARE) complex. The 50 mM liposomes containing 1-pal-
mitoyl-2-dioleoyl-sn-glycero-3-phosphatidylcholine (POPC) and 1,2-
dioleoyl-sn-glycero-3-phosphatidylserine (DOPS) (molar ratio 65:35)
were reconstituted with the preformed t-SNARE complex in a lipid/
protein ratio of 200:1. The 10 mM ﬂuorescent liposomes containing
POPC, DOPS, NBD-PS (1,2-dioleoyl-sn-glycero-3-phosphoserine-
N-(7-nitro-2-1,3-benzoxadiazol-4-yl)), and rhodamine-PE (1,2-
dioleoyl-sn-glycero-3-phosphoethanolamine-N-(lissamine rhodamine
B sulfonyl)) in the molar ratio of 62:35:1.5:1.5 were reconstituted with
v-SNARE in 200:1 lipid/protein ratio. To remove OG, samples were
diluted two times with dialysis buﬀer (25 mM Hepes, 100 mM KCl,
pH 7.4), and then dialyzed against 2 L of dialysis buﬀer at 4 C over-
night. After dialysis, the solution was centrifuged at 10000 · g to re-
move protein and lipid aggregates. For yeast SNAREs, Sso1p and
its derivatives were reconstituted directly into the POPC/DOPS lipo-
somes without performing the t-SNARE complex with Sec9c. Sec9c
was later added to the Sso1p liposomes before the fusion reaction.
Snc2p and its derivatives were reconstituted to the ﬂuorescent lipo-
somes. The reconstitution eﬃciencies were determined using SDS–
PAGE and were at least 70%.
2.4. Total ﬂuorescence lipid mixing assay
To measure the lipid mixing, v-SNARE liposomes were mixed with
t-SNAREs liposomes in the ratio of 1:9. The ﬁnal solution for each
reaction contained about 1 mM lipids in Hepes buﬀer (25 mM Hepes,
100 mM KCl, PH 7.4) with a total volume of 100 ll. Fluorescence
intensity was monitored with the excitation and emission wavelengths
of 465 and 530 nm, respectively. The ﬂuorescence signal was recorded
by a Varian Cary Eclipse model ﬂuorescence spectrophotometer using
a quartz cell of 100 ll with a 2-mm path length. After 5000 s, 0.25% n-
dodecylmaltoside was added to obtain the maximum ﬂuorescence
intensity (MFI). All of the lipids mixing experiments were carried
out at 35 C.
2.5. Inner leaﬂet mixing assay
The inner leaﬂet mixing assay was modiﬁed from the method devel-
oped by Meers et al. [43]. The details of the method had been described
elsewhere [18]. Simply by controlling the time and amount of dithionite,
the NBD reduction can be limited to the outer leaﬂet. After a small
amount (about 0.7 ll) of 100 mM sodium dithionite was added to the
v-SNARE liposomes several times, the desired reduction of NBD could
be achieved. When the outer leaﬂet NBD reduction was completed, the
liposomes were subjected to the lipid mixing assay described above. v-
SNARE liposomes without NBDs in the outer leaﬂets for inner leaﬂet
mixing assay was consumed in 2 h to minimize the ﬂip-ﬂop between the
bilayer of the liposomes. After collecting the time traces of total lipid
mixing and inner leaﬂet mixing separately, the percentage of hemifusion
was calculated as 2(PT  PI)/[2(PT  PI) + PI] · 100, where PT is the
percentage of maximum for total lipid mixing and PI is the percentage
of maximum for inner leaﬂet mixing [18].3. Results
3.1. C2AB Æ Ca2+ stimulates membrane fusion
We investigated the fusion of liposomes induced by neuronal
SNAREs using a ﬂuorescence lipid mixing assay. Thet-SNARE complex, which contains syntaxin and SNAP-25,
was reconstituted into the liposomes made of POPC/DOPS
(65/35 mol/mol). The v-SNARE VAMP2 was also reconsti-
tuted into a separate stock of the POPC/DOPS liposomes
(62/35 mol/mol) containing ﬂuorescent lipids, NBD-PS and
rhodamine-PE (1.5 mol% each). For both t-and v-SNAREs,
the lipid/protein ratio was set at 200:1. When the t-SNARE lip-
osomes were mixed with the v-SNARE liposomes at 35 C, an
increase of the ﬂuorescence intensity was observed (Fig. 2A),
indicating that the fusion occurred. Since the ﬂuorescent lipids
were distributed equally in the inner leaﬂet and the outer leaf-
let, the ﬂuorescence change reﬂected the sum of outer leaﬂet
mixing and inner leaﬂet mixing.
To determine the eﬀect of Syt and Ca2+ on total lipid mix-
ing, we added soluble synaptotagmin C2AB that lacked the
transmembrane domain (TMD) into the v-SNARE vesicles
before the fusion reaction. C2AB reduced lipid mixing by
about 20% (Fig. 2A). However, when we added Ca2+ with
C2AB, we observed a two- to threefold increase of lipid
mixing (Fig. 2A and B). The results are quantitatively con-
sistent with the previous studies by Chapman and coworkers
[36].3.2. C2AB Æ Ca2+ promotes half fusion more than full fusion for
neuronal SNAREs
To measure inner leaﬂet mixing separately, we treated the
v-SNARE liposomes with sodium dithionite. Under con-
trolled conditions, sodium dithionite reduces NBD attached
to the lipid head group in the outer leaﬂet to a non-ﬂuores-
cent derivative while leaving NBD in the inner leaﬂet unaf-
fected. When we mixed the dithionite-treated v-SNARE
liposomes with the t-SNARE liposomes, inner leaﬂet mixing
was observed. The extent of inner leaﬂet mixing was less than
that of total lipid mixing (Fig. 2A). The diﬀerence between to-
tal lipid mixing and inner leaﬂet mixing indicated that some
fusion events were half fusion, the sum of ‘‘kiss-and-runs’’
and terminal hemifusion. The ﬂuorescence fusion assay is
not capable of distinguishing these two ‘‘half-fusion’’ events.
The percentage of half fusion was approximately 45% of all
fusion events after 80 min (Fig. 2B). C2AB itself decreased in-
ner leaﬂet lipid mixing slightly. The percentage of half fusion
was approximately 30% (Fig. 2B). When Ca2+ was added
with C2AB, however, there was some stimulation of inner
leaﬂet mixing, but not as much as outer leaﬂet mixing
(Fig. 2B). Such uneven stimulation of total lipid mixing and
inner leaﬂet mixing resulted in the increase of the percentage
of half-fusion to 60%, a twofold enhancement by Ca2+
(Fig. 2B). Thus, although C2AB Æ Ca2+ stimulates membrane
fusion on the whole, it does more for half fusion than for full
fusion.3.3. C2AB Æ Ca2+ interacts with soluble SNARE motifs for
stimulation of fusion
Recent studies have shown that the TMDs of SNAREs play
an essential role in promoting the transition from hemifusion
to full fusion: lipid-anchored SNAREs [17,44] or SNAREs
with a short TMD [15] produce only half fusion. One might
ask whether the increase of half fusion by C2AB Æ Ca2+ impli-
cates its interaction with the SNARE TMDs. To test this idea,
we constructed hybrid proteins in which the transmembrane
domains were swapped between neuronal and yeast SNAREs
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Fig. 2. C2AB Æ Ca2+ stimulates membrane fusion mediated by neuronal SNAREs. (A) Fluorescence intensity changes for total lipid mixing and inner
leaﬂet mixing for neuronal SNAREs (blue traces), in the presence of 4.5 lMC2AB and 50 lMCa2+ (red traces), in the presence of 4.5 lMC2AB and
100 lM EGTA (cyan traces), and in the presence of 50 lM Ca2+ (green traces) are shown. The lipid/protein ratio was 200:1. Raw data were
normalized with respect to the maximum ﬂuorescence intensity obtained by adding 0.25% n-dodecylmaltoside [15]. The black trace is the control
using the t-SNARE liposome reconstituted with syntaxinHT only (without SNAP-25). (B) The bar graph representing the eﬃciencies of total lipid
mixing and inner leaﬂet mixing 80 min after the start of the reaction. The error bars represent the standard deviations from three independent
measurements. The addition of Ca2+ alone did not alter the fusion trace signiﬁcantly (data not shown).
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to the parts derived from yeast SNAREs.
First, as a control, we tested whether C2AB Æ Ca2+ inﬂu-
ences fusion mediated by yeast SNAREs Sso1p, Sec9c, and
Snc2p, which are involved in post-Golgi traﬃcking without
Ca2+ regulation. Also, Syt has not been found on this partic-
ular secretory pathway. Sso1p and Sec9c are syntaxin and
SNAP-25 analogs and Snc2p is the yeast counterpart of neu-
ronal VAMP2. The fusion activity of yeast SNAREs was
about three times higher than that of neuronal SNAREs
(Fig. 3A), under similar conditions. The extent of inner leaﬂet
mixing was comparable to that of outer leaﬂet mixing
(Fig. 3A), showing little accumulation of half fusion. C2AB
decreased total lipid mixing and inner leaﬂet mixing by 20–
30% (Fig. 3A and B). Ca2+ did not change both lipid mixings
further (Fig. 3A and B), showing no Ca2+ eﬀect for yeast
SNAREs. One might argue that no stimulation of fusion
by Ca2+ is due to the higher fusion activity of yeast SNAREs.
In order to rule out this possibility, we deliberately decreased
the fusion activity a half by lowering the protein surface den-
sity to 1:400. As expected, we did not observe stimulation of
fusion by C2AB Æ Ca2+ with this lower lipid/protein ratio
either (data not shown).
We ﬁrst examined the hybrid SNAREs made of the yeast
cytoplasmic domains (CDs) and the neuronal linker plus
TMDs (Fig. 1C). For this set of mutants, the overall fusion
activity was reduced to one half of the activity of yeast
SNAREs. The response to C2AB and C2AB Æ Ca2+ is similar
to that of yeast SNAREs: there was no stimulation of fusion
by C2AB Æ Ca2+. Instead, C2AB decreased the total lipid
mixing by 20% and the inner leaﬂet mixing by 30%
(Fig. 4A), which results in some half fusion (10–20%). Thus,
the results showed that the linker regions and TMDs of
neuronal SNAREs were not the eﬀectors of C2AB Æ Ca2+
action.
Next, we tested the hybrid SNAREs made of the CD plus
linker of neuronal proteins and the TMD of yeast proteins
(Fig. 1C). The fusion activity of this set of mutants was some-
what reduced when compared to that of neuronal SNAREs.
C2AB alone decreased the fusion activity slightly, but C2AB Æ
Ca2+ stimulated total lipid mixing signiﬁcantly, as much as
factors of 2–3 (Fig. 4B). In contrast, C2AB Æ Ca2+ stimulated
inner leaﬂet mixing only slightly (Fig. 4B), resulting in the sig-
niﬁcant accumulation of half fusion, similar to what had been
observed for neuronal SNAREs. We also tested similar hybrid
SNAREs in which the amino acid sequence from yeast pro-
teins were extended to cover the linker region. These proteins
behaved nearly the same as the aforementioned hybrid
SNAREs except for a slight increase of inner leaﬂet mixing
by C2AB Æ Ca2+ (Fig. 4C).
In summary, the results with hybrid SNAREs suggest that
the interaction between C2AB Æ Ca2+ and the soluble SNARE
motifs of neuronal proteins was responsible for both the over-
all stimulation of membrane fusion and the increase of half fu-
sion.4. Discussion
There is overwhelming evidence that the synaptotagmin acts
as a calcium sensor for neurotransmitter release at synapses
[33,45,46], although the exact mechanism by which it stimu-lates membrane fusion is elusive. The diﬃculty arises partly
from its promiscuous interactions: Syt binds to t-SNAREs
and the SNARE complex in a Ca2+-dependent or independent
manner [38,47–50]. Ca2+ also promotes the Syt binding to the
negatively charged lipids [33,45,51,52], perhaps assisting the
membrane apposition.
The in vitro fusion assay using reconstituted SNAREs and
soluble C2AB provides an opportunity for the characterization
of the Syt function in a relatively isolated situation. In this as-
say, C2AB did not stimulate membrane fusion induced by
yeast SNAREs, in contrast to the case with neuronal
SNAREs. Thus, a speciﬁc interaction between Syt and neuro-
nal SNAREs appears to be essential for the stimulation of the
fusion.
The assay results with the hybrid SNAREs excluded the lin-
ker regions and the TMDs of neuronal SNAREs as a target for
C2AB Æ Ca2+. We also found that the negatively charged lipid
(DOPS) on the membrane is required for the stimulation for
neuronal SNAREs (data not shown), which is similar to the re-
sults from a previous report [36]. However, it is unknown how
the stimulation of fusion is orchestrated by the C2AB Æ Ca2+
binding itself both to SNARE motifs and the membrane.
Interestingly, the slight inhibition of the fusion activity of yeast
SNAREs by C2AB Æ Ca2+ were not seen when the neutral PC
liposomes were used (Fig. S1). This implies that the membrane
binding alone causes the inhibition rather than the promotion
of fusion.
Our results showed that C2AB Æ Ca2+ stimulated both half
fusion and full fusion, but more the former than the latter,
increasing the net ratio of half fusion to full fusion. We predict
that a signiﬁcant fraction of the half-fusion events was ‘‘hemi-
and-run’’. At present, it is not clear whether hemi-and-run is
related to kiss-and-run.
A current mechanistic model for viral membrane fusion may
be summarized as [25]:
Two separate membranes$ hemifusion$ small pore
! large pore! full fusion
The initial two steps involving hemifusion and small pore
are all reversible. The transition from the small pore to the
large pore is the rate-determining step and it is irreversible.
It was previously shown that hemifusion can coexist with
the small pore [25,53], which might allow the passage of
small molecules. For SNAREs, we speculate that such small
pores might serve as pores for neurotransmitters. The small
pore might not be exclusively lined by the TMDs of
SNAREs [54] but perhaps by the mixture of the TMDs
and lipids [55].
In neuronal exocytosis, the ‘‘kiss-and-run’’ plays an impor-
tant role in supporting eﬃcient recycling of synaptic vesicles
[3]. Furthermore, it was demonstrated by Jackson and
coworkers that the ratio between the kiss-and-run and full
fusion can be modulated by Syt Æ Ca2+ [37]. However, it
was Syt IV, but not Syt I, that increased the ratio of the
kiss-and-run to full fusion, which was somewhat inconsistent
with our results. The absence of other regulatory factors in
our simpliﬁed in vitro assay system could have altered the
outcome. Nevertheless, it is important to note that the two
studies agree upon the role of Syt Æ Ca2+ in modulating the
ratio between the kiss-and-run (or hemi-and-run) and full
fusion.
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Fig. 4. Fusion activities of hybrid SNAREs. (A) The bar graph of total lipid mixing and inner leaﬂet mixing for hybrid SNAREs made of the yeast
CD and the neuronal linker plus TMD (Snc-TMN, Sso-TMN and Sec9c). (B) The bar graph of total lipid mixing and inner leaﬂet mixing for hybrid
SNAREs made of the neuronal CD plus linker and the yeast TMD (VAMP-TMY, Syn-TMY and SNAP-25). (C) The bar graph of total lipid mixing
and inner leaﬂet mixing for hybrid SNAREs made of the yeast CD and the neuronal linker plus TMD (VAMP-LTMY, Syn-LTMY and SNAP-25).
The data represent the fusion eﬃciencies 80 min after the initiation of the fusion reaction. The error bars represent the standard deviations from three
diﬀerent measurements.
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